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Abstract 
Phosphorus is an essential nutrient element in water environment for the growth of 
aquatic plants and algae. A large amount of phosphorus in water body is often 
responsible for algal bloom and eutrophication, which causes many environmental 
problems. Further, phosphorus is also an un-renewable recourse which is necessary in 
food production for human beings. The reserves of phosphorus in the world will 
deplete in 50 - 100 years. Thus, the removal of phosphors in water body and recycling 
of phosphorus from P wasted water is necessary and urgent. The objective of this 
research is to develop a high capacity novel phosphate adsorbent for phosphate 
removal and recycling from aqueous solution. Three parts of work have been 
conducted.  
1. Kanuma mud had been selected as basic material for further material development. 
Laboratory-scale batch experiments were conducted to investigate the efficiency 
of Kanuma mud for phosphate removal from aqueous solution. The adsorption 
isotherms, kinetics, desorption rate and some factors such as temperature, pH and 
dosage were investigated. The phosphate adsorption results fitted the Freundlich 
isotherm model very well, and the adsorption process was an exothermic reaction 
which could be described by a pseudo-second-order kinetic model. A maximum 
phosphate adsorption capacity of 2.13 mg g-1 was achieved under the condition of 
4 g L-1 dosage and 50 mg L-1 initial concentration, and the effective phosphate 
uptake step could be attained in 90 min. The adsorption performance was the best 
at pH 6, and the adsorbed phosphate on the Kanuma mud could be hardly 
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desorbed in deionized water. These results showed that Kanuma mud processed 
great potential for using as an absorbent for phosphate removal from aqueous 
solution. 
2. A novel tablet porous material (TPM) was further developed from Kanuma mud 
(K - mud), corn starch and calcium oxide. Laboratory-scale batch experiments 
were conducted to evaluate the phosphate adsorption capacity of TPM from 
aqueous solution. The adsorption isotherms, adsorption kinetics, phosphate 
recycling and major factors such as temperature, pH and dosage were investigated. 
The phosphate adsorption results fitted the Freundlich isotherm model very well, 
and the adsorption process was an endothermic and spontaneous reaction which 
could be described by a pseudo-second-order kinetic model. The maximum 
phosphate adsorption capacity was 4.39 mg g-1 under the condition of 4 g L-1 
dosage and initial pH of 7. Its equilibrium could be attained in 2 h. The solution 
pH had little effect on TPM phosphate removal when pH varied from 5.0 to 9.0. 
70.29% of adsorbed phosphate could be recycled when 0.2 mol L-1 HCl were used 
as eluant, and the present developed TPM could be recovered and reused for 5 
times. The adsorption capacity would be continuously decreased with the increase 
of elute cycles. The adsorption capacity was 1.316 mg g-1 for raw TPM and 
decreased to 0.466 mg g-1 after 5 cycles. This novel developed TPM is a 
promising adsorbent than other clay mineral materials for phosphate removal from 
wastewater. 
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3. The adsorption performance of developed TPM was further enhanced through an 
electrochemical surface modification (ESM) method. Laboratory-scale batch 
experiments were conducted to compare the phosphate adsorption capacity of 
TPM and ESM modified TPM (ECTPM) from aqueous solution. The adsorption 
isotherms, adsorption kinetics and major factors such as temperature and pH were 
investigated. The phosphate adsorption results fitted the Freundlich isotherm 
model very well, and the adsorption process was an endothermic and spontaneous 
reaction which could be described by a pseudo-second-order kinetic model. Under 
the condition of 4 g L-1 dosage and initial pH of 7, the maximum phosphate 
adsorption capacity was 3.61 mg g-1 onto TPM and 5.36 mg g-1 onto ECTPM, 
respectively, and the equilibrium could be attained in 2 h. The solution pH had 
little effect on TPM phosphate removal when pH varied from 5.0 to 9.0. ECTPM 
and TPM are of high selectivity on phosphate adsorption. This newly developed 
ECTPM is also promising than other clay mineral materials for phosphate 
adsorption from wastewater. 
On the whole, Kanuma mud and the developed TPM could be used as effective 
phosphate adsorbent from aqueous solution. In addition, the new developed 
electrochemical surface modification (ESM) method could be used for adsorbent 
surface modification. 
